Panax ginseng C.A.Meyer is one of the most valuable traditional Chinese medicines. In this study, the essential oil of ginseng leaves (EOGL), collected using hydrodistillation and analyzed by GC/MS, contained a complex mixture of aliphatic (69.0%), terpenoid (21.5%) and aromatic compounds (2.4%). Among 54 components identified, the major ones were palmitic acid (36.1%), β-farnesene (15.4%), linoleic acid (9.8%) and phytol (5.6%). In the cytotoxicity study, EOGL exhibited obvious cytotoxic activities against different cancer cell lines, including Hela, A549, ZR-75-1, HT-29, SGC7901 and B16 cells. Furthermore, Annexin V-FITC/PI staining assay indicated that EOGL can induce late apoptosis of ZR-75-1 cells, and the percentage of apoptotic cells increased in a concentration-dependent manner (0.9% to 5.6% and 67.4%). In addition to this, we also found that EOGL exhibited weak DPPH radical scavenging (12.0 ± 0.4 mg/mL) and ABTS radical scavenging activities (1.6 ± 0.1 mg/mL), and showed antibacterial activity against the Gram-positive bacteria, Staphylococcus aureus and Bacillus subtilis, and the Gram-negative bacterium, Escherichia coli. The data suggest that EOGL, which possesses important biological activities, especially significant anticancer activity, could be a potential medicinal resource.
Panax ginseng C.A.Meyer is a well known traditional Chinese medicine and its leaves have been used in various traditional medicinal therapies [1-4] for many years in China. The leaves contain a number of similar active components to the root including ginsenosides [1a, 1b] , phenolic acids [2] , polysaccharides [3] and essential oil [4] . Because of their shorter growth periods and lower costs compared with ginseng roots, ginseng leaves have important economic and medicinal value. Essential oils have been reported to have many activities, and have been widely used for bactericidal, anticancer, antioxidant, cardiovascular, and cosmetic and food applications [5a-f] . However, the chemical composition of the essential oil of ginseng leaves has received only a little attention [4] and its biological activities have not been explored. Therefore, we prepared the essential oil (EOGL) by stream distillation, examined its chemical components by GC/MS, and evaluated its cytotoxic and apoptotic effects on tumor cell lines, and its antioxidant and antibacterial activities.
The yield of EOGL was 0.22% (v/w, dried weight), which was higher than that reported previously (0.13%) [4a] . The chemical composition of EOGL was analyzed by GC/MS (Table 1) . Fiftyfour components of EOGL were identified, representing 92.9% of the total oil. It contained a complex mixture consisting of aliphatic (69.0%), terpenoid (21.5%) and aromatic compounds (2.4%). The aliphatic compounds were composed of long-chain fatty acids (51.5%), esters (6.7%), alcohols (6.3%), hydrocarbons (3.5%) and ketones (1.1%), mainly palmitic acid (36.1%), linoleic acid (9.8%), phytol (5.6%) and methyl hexadecanoate (2.9%). Palmitic acid was also the major reported aliphatic compound of EOGL, but its content was below 16.0% [4a, 4b, 4c , 4e]. Linoleic acid, methyl palmitate, 1, 3-cyclooctadiene and lauric acid, which were other major aliphatic compounds of our oil, were not previously identified in the essential oil of the leaves, but were reported for the flowers and roots of ginseng in previous studies [4c]. In addition, eneyne, aldehyde and olegine aldehyde were not found in the aliphatic compounds of EOGL, which was not consistent with earlier research [4c, 4e]. The compositions of terpenoids were sesquiterpene hydrocarbons (20.3%), oxygenated sesquiterpenes (0.6%) and monoterpene hydrocarbons (0.6%), and their major constituents, β-farnesene (15.4%), β-elemene (1.6%) and αsantalene (1.4%). The terpenoid composition was different from the results of Hou et al.
[4b] and Wang et al. [4d] . They reported that the principal constituents were (Z)-β-farnesene (21.5%), β-elemene (6.0%) and α-farnesene (4.3%); in our oil the respective contents were 0.2%, 1.6% and 0. d-Limonene, nerolidol, α-selinene, αhumulene, γ-gurjunene and α-himachalene were only obtained in the essential oil from the roots of ginseng [4c,4f-h]. Besides, we identified a new terpenoid, chamigren, not reported before in the essential oil of ginseng leaves, flowers or roots. These differences in chemical composition between our study and previous papers may be related to factors such as genotype, geographical origin, cultivation, and environment.
Wang et al. [6] reported that the essential oil of ginseng roots can reduce the contents of glycogen, succinate dehydrogenase and DNA of SGC-823 gastric carcinoma cells, thus inhibiting the growth of the cancer cells. In this study, the cytotoxic activity of EOGL against Hela, A549, ZR-75-1, HT-29, SGC7901 and B16 was tested by MTT assay and the results are given in Table 2 . EOGL exhibited significant cytotoxic activities against all six cancer cell lines examined in a concentration-dependent manner. The cytotoxic effects of EOGL on ZR-75-1 (74.1 ± 11.3 µg/mL), B16 (80.9 ± 13.5 µg/mL) and HT-29 (94.4 ± 6.7 µg/mL) cell lines were significantly stronger than those on the other three cell lines, SGC7901 (161.8 ± 27.0 µg/mL), Hela (168.5 ± 6.7 µg/mL) and A549 (195.5 ± 20.2 µg/mL). The cytotoxic activity of EOGL may be attributed to specific components such as linoleic acid, β-elemene, d-limonene, α-humulene, and (Z)-β-farnesene. It has been demonstrated that linoleic acid suppresses colorectal cancer cell growth [7a, 7b] , and induces apoptosis of gastric carcinoma cells [7c]. В-elemene has an antiproliferative effect on several cancer cell lines, such as human hepatoma [8a] and melanoma cells [8b]. D-limonene, the only [11] were shown to be related to the anticancer activity of the essential oil of several plants. Values are given as mean ± SD (n=3).
In order to determine further the apoptosis effect of EOGL on cancer cells, we used the annexin V-FITC/PI staining assay to measure the effect of EOGL on ZR-75-1 cells, which were the most sensitive to the EOGL. As shown in Figure 1 , after treatment with EOGL at concentrations of 6.3, 25.0, 100.0 μg/mL for 48 h, the apoptotic and necrotic cells changed strikingly (from 0.6% to 1.9% and 65.8%); the early and median apoptotic cells were also increased (from 0.3% to 3.7% and 1.7%), and the normal cells were reduced (from 99.4% to 94.0% and 32.4%). These results suggested that EOGL can induce the late apoptosis of ZR-75-1 cells, and the percentage of apoptotic cells significantly increased in a concentration-dependent manner (0.9% to 5.6% and 67.4%). There were two classes of anticancer compound in EOGL, an essential polyunsaturated fatty acid, linoleic acid, and terpenoids (β-elemene, d-limonene and α-humulene). It has been reported that they can induce cancer cell apoptosis and be mediated by a caspasedependent mitochondrial death pathway, cellular oxidant dysfunction, and the suppression of the PI3K/Akt pathway [7] [8] [9] [10] . It is suggested that EOGL contains variety anticancer ingredients and may induce apoptosis in cancer cells through multiple pathways, including the ROS-mediated mitochondrial pathway. The antioxidant activity of EOGL was determined by DPPH and ABTS assays. The EOGL exhibited weak DPPH radical scavenging activity with an IC 50 value of 12.0 ± 0.4 mg/mL and ABTS radical scavenging activity with an IC 50 value of 1.6 ± 0.1 mg/mL. These results were compared with DPPH (4.4 ± 0.2 µg/mL) and ABTS (2.2 ± 0.1 µg/mL) activities of ascorbic acid. There are very few reports about the antioxidant activity of the essential oils from different parts of ginseng. Min et al. [12] demonstrated that the essential oil of red ginseng, which was made by steaming fresh ginseng, followed by a drying process, seemed to protect the liver from oxidative stress via inhibition of MAPK pathways. Although there were some different constituents between EOGL and the essential oil of red ginseng [13] , EOGL might enhance the ability of enzymatic scavenging of free radicals and increase the activity of antioxidant enzymes in vivo.
The inhibition zone diameters produced by EOGL against the bacteria tested are presented in Table 3 . EOGL showed antibacterial activity against both the Gram-positive and Gram-negative bacteria tested. Moderate activity was observed against Staphylococcus aureus; similar activities were recorded against Bacillus subtilis and Escherichia coli. Sesquiterpene hydrocarbons and their oxygenated derivatives have been shown to strongly inhibit microbial pathogens [14] . Many terpenoids were detected in EOGL, and it would seem reasonable that these compounds are responsible for the antibacterial activity of EOGL. Values are given as mean ± SD (n=3).
Experimental

Plant material and extraction of EOGL:
Fresh leaves of 5-year-old ginseng were obtained in September 2012 from 3 different planting
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Natural Product Communications Vol. 9 (6) 2014 867 taken together, was extracted by hydrodistillation for 3 h in a Clevenger-type apparatus using about 1000 mL of double distilled water. EOGL was dried over anhydrous sodium sulfate and immediately stored at 4°C until analysis.
Gas chromatography/mass spectrometry analysis: EOGL was
analyzed by an Agilent 6890N/5973i GC/MS system using a DB-1 (30 m × 0.25 mm × 0.25 μm) capillary column. Chromatographic conditions were: injector temperature 250°C, carrier gas He 1.0 mL/min constant flow, temperature program: 1 min at 60°C, with 15°C /min up to 160°C, then with 6°C /min to 260°C and held for 10 min. Samples (1.0 μL in CH 2 Cl 2 ) were injected with a 20:1 split ratio. Mass scanning was from 35 to 500 amu with a scan interval of 2 min at 70 eV. The compounds were identified by comparing their mass spectra with those recorded in NIST and WILEY libraries and in published articles. The percentage composition of each compound was determined by the normalization method from the GC peak areas without response factor correction [14] .
Cell lines and cell culture:
Human cervical cancer (Hela), human lung adenocarcinoma (A549), human breast cancer (ZR-75-1), human colorectal carcinoma (HT-29), human gastric cancer (SGC7901) and mouse melanoma (B16) cell lines were purchased from the Cell Resource Center of Shanghai Institute for Biological Sciences. All cell lines were cultured in Dulbecco's Modified Eagle Medium (DMEM, Gibco), supplemented with 10% fetal bovine serum, 100 units/mL penicillin and 100 µg/mL streptomycin. Cultures were maintained at 37 o C in a humidified 5% CO 2 incubator.
Cytotoxicity Assay by the MTT assay:
The MTT assay was used to test for the growth-inhibitory effect on Hela, A549, ZR-75-1, HT-29, SGC7901, and B16, and was performed described by Yoo et al. [15] with some modifications. Briefly, the cells (3 × 10 5 cells/well) were separately plated in a 96-well plate. After 24 h, various concentrations of the essential oil were added and incubated for 48 h. 10 µL of MTT (5 mg/mL stock solution in phosphate-buffered saline, Sigma) was added and the plates were incubated for an additional 4 h at 37 o C. The medium was discarded and 150 µL of DMSO (Sigma) was added to each well. After shaking for 10 min, the absorbance was measured at 492 nm. The cytotoxicity was expressed as the concentration of the sample inhibiting cell growth by IC 50 value. All tests were performed in triplicate.
Cell Apoptosis by Annexin V-FITC/PI Staining:
Apoptosis assay was measured through AnnexinV-FITC/PI apoptosis detection kit (Nanjing Jiancheng Bioengineering Institue, China) as described in the manufacturer's instructions. In brief, ZR-75-1 cells (4 × 10 5 cells/mL) were seeded in a cell culture flask (25 cm 2 ) and were incubated for 24 h. After treated with different concentrations of the essential oil for 48 h, the cells were collected, washed twice with PBS, resuspended in 1 × binding buffer reaching the cell concentration about 1 × 10 6 cells/mL, and incubated with annexinV-FITC (5 μL) and PI (10 μL) in the dark for 30 min at 4°C successively, followed by immediate analysis by flow cytometry. The fraction of cell population in different quadrants was analyzed using quadrant statistics. The left lower section of fluorocytogram (Annexin V-FITC-/PI-) showed the normal cells, the right lower section (Annexin V-FITC+/PI-) the early apoptosis cells, and the right upper section (Annexin V-FITC+/PI+) necrotic or late apoptosis cells.
Antioxidant activity by DPPH test:
Antioxidant activity was measured by the DPPH radical-scavenging method of Yang et al.
[5(a), 5(b)] with some modifications. 100 μL of the essential oil dissolved in ethanol at different concentrations was mixed with 100μL of 0.25 mM DPPH (Sigma). Mixtures were shaken and left 30 min at room temperature in the dark. Absorbance was measured at 492 nm using ethanol as blank and 0.25 mM DPPH diluted in the same volume of ethanol as control. The percent inhibition of the tested samples was calculated according to the following equation: Inhibition (%) = (A 0 -As)/A 0 × 100%, where A 0 is the absorbance of the control, and As is the absorbance of the essential oil. The antioxidant activity of the essential oil was expressed as IC 50 value. All tests were performed in triplicate and Vc (Sigma) was used as a positive control.
Antioxidant activity by ABTS assay: ABTS radical scavenging assay was carried out as described by Samia et al. [7c, 16] with some modifications. The stock solution of ABTS (7 mM) was prepared by 2.45 mM K 2 S 2 O 8 followed by storage at 4℃ in the dark for 16 h before use. The working solution was then diluted by mixing 2 mL ABTS solution (7 mM) with 50 mL ethanol to obtain an absorbance of 0.70 ± 0.02 units at 729 nm using a spectrophotometer. A fresh working solution of ABTS was prepared for each assay. Different concentrations (0.1 mL) of the essential oil were allowed to react with fresh ABTS solution (1.9 mL) for 6 min in the dark at room temperature, and the absorbance was measured at 729 nm using ethanol as blank and ABTS solution diluted in ethanol as control. The percent inhibition of the tested samples was calculated according to the following equation: Inhibition (%) = (A 0 -As)/A 0 × 100%, where A 0 is the absorbance of the control, and As is the absorbance of the essential oil. The antioxidant activity of the essential oil was expressed as IC 50 value. All tests were performed in triplicate and Vc (Sigma) was used as a positive control.
Determination of antibacterial activity by the disc diffusion method:
The antibacterial activity of EOGL was investigated against two Gram-positive bacteria, Staphylococcus aureus and Bacillus subtilis, one Gram-negative bacterium, Escherichia coli. Test strains were cultured and adjusted to 1-2 × 10 8 CFU/mL. 0.1 mL of bacterial suspension was spread by a sterile cotton swab onto the solid plates (9 cm in diameter) containing sterilized Mueller-Hinton agar. The filter paper discs (6 mm in diameter) were impregnated with 10 µL of 50% concentration of the essential oil and placed onto the inoculated plates, and then plants were incubated at 37 o C for 24 h. The diameters of the inhibition zones including the diameter of discs were measured by millimeters with a caliper. Tetracycline (20 µg) was used as positive control. All tests were performed in triplicate.
Statistical analysis:
Data were expressed as mean ± SD. Student's t-test was used for statistical analysis, and a value of p < 0.05 was considered statistically significant.
